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ABSTRACT 


A study of the shielded coplanar line (SCPL) is presented. The main 
goal of this thesis is to develop an equivalent circuit model for a typical 
discontinuity in the SCPL. The formulation is based on Galerkin's 
method, using Green's function applied in the Fourier transform domain. 

The impedance (Z^) has been calculated by using a variational 
method. The propagation constant (^(co)) and effective dielectric constant 
of the SCPL have been calculated by using the method of moments. 
The cut-off frequency of this waveguide has been obtained by a theorem 
of Van Bladel and Higgins. 
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I. INTRODUCTION 


The shielded coplanar line (SCPL) is useful for radar and communi¬ 
cation circuits at microwave and millimeter-wave frequencies. In order 
to use this transmission medium in the construction of microwave circuits 
and filters, it is necessary to have valid circuit models for typical discon¬ 
tinuities such as the series gap in line, open-ended stub, and a discontin¬ 
uous change in width. There is a definite need for an accurate full-wave 
analysis of strip transmission line structures. By full wave analysis is 
implied the process of rigorously solving the frequency dependent 
electromagnetic (EM) boundary value problem with retention of all the 
field components. In this thesis, the boundary value problem associated 
with the discontinuity structure of interest incorporated in a SCPL 
resonator has been solved in a formulation employing full-wave analysis. 
The solution of the problem has been derived using an efficient method. 
Specifically, the derivation of the characteristic equation for resonant 
frequencies of a resonator model is carried out using Galerkin's technique 
applied in the spectral or Fourier transform domain instead of the space 
domain. The resonant frequency of the structure of interest is obtained 
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by numerically solving the characteristic equation. The details of the 
analysis method will appear in Chapter II of this work. 

In Chapter III, at the discontinuity in an open-ended resonator, the 
fringing capacitance of the open end will be calculated by two methods. 
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II. THEORETICAL ANALYSIS 


The shielded coplanar line (SCPL) to be analyzed is shown in Fig.l. 
A strip conductor is located symmetrically between ground strips on both 
sides. The strips are placed on the dielectric substrate. The SCPL is 
constructed by placing dielectric and conductor within a closed channel 
forming a shield. Dimensions must be sufficiently small to avoid propa¬ 
gation of waveguide modes within the channel. 



Figure 1. Top and End view of SCPL 

It is assumed that the thickness of the conducting strip is negligible 
and that all the media and conductors are lossless. For simplicity, the 
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center and the ground strip are to be located symmetrically in the z- 
direction within the ends of the shielding enclosure. 

A. FOURIER-TRANSFORMED GALERKIN'S METHOD FOR THE 
SCPL RESONATOR 

The analysis of wave propagation on the SCPL systems of the type con¬ 
sidered here has been carried out by Itoh and Uwano [Ref.2]. These au¬ 
thors treated the problem using Galerkin's method of moments in the 
Fourier-Transform domain. Their work is summarized in terms of a set 
of Green's function equations: 

+ = (la) 

+ {\b) 

Where I = JJ^K, , 7, = UK, ^J. 

In Eqs.(la) and (lb), 7, and are the z and x components of the 
currents on the strip conductor, and £, and are the components of 
electric field tangent to the substrate surface, and the ^ are Green's 
functions. 

The tildes over the factors in Eqs.(la) and (lb) imply Fourier trans¬ 
formation of the respective quantities. In this work, the Fourier trans- 
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formation is carried out in the bounded region interior to the shielding 
enclosure placed around the line segment representing the resonator. 
There we have the finite Fourier transformation: 

r+rll2 f+a/2 

f{k„, = dz \ J[x,z) t\p(jk^) exp(//?^) dx (2) 

^-rlll J-a/2 

where are the discrete transform variables defined by, 
kn = {n— \/2)nla for even, — odd (in x) modes 

k„ = nitja for £, odd , — even (in x) modes 

= (m — l/2)7r/r/ for even, odd (in z) modes 
where a is the width of the waveguide enclosure, and rl is its length. 
The anal 3 ^ical task then consists of assuming suitable coordinate 
forms for the current densities Jj and and Fourier-transforming 
these. Inner products are then formed in Eqs.(la) and (lb), in accordance 
with the standard procedure of the method moments. This procedure 
gives rise to a set of homogeneous equations in the unknown coefficients 
assumed in Jj and . The solution condition for the simultaneous 
equations leads to a determination of the resonance frequency of the 
SCPL resonator of the problem. The unknowns £, and E^ can be elimi¬ 
nated by applying Galerkin's method in the spectral domain. The first 
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step is to expand the unknown 7, and in terms of assumed basis func¬ 
tions and with unknown coefficients q and 4- 


Nl 

I = (3a) 

/=! 

Nl 

= Ob) 

7=1 

The basis functions 7^, and J^j must be chosen to be the Fourier 
transforms of space-domain functions JJ^x,z) and JJ^x,z) which are phys¬ 
ically realistic, and which are zero except for the region | x | < Afl and 
I z I < Ijl. Substituting (3) into (1) yields the matrix equations, 

N\ Nl 

^22/ ^2X / fj^xj ~ ^2 

/=1 7=1 


N\ Nl 

^X2 / ^xx/ Sj^xj ~ 




/=i 


7=1 


m 
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Where — JzLK,^„) , ^m) ■ Taking products of the re¬ 

sulting Eqs.(4a) and (4b) with the basis functions and for different values 
of i, ], yields the matrix equations: 


/Vi 

•^zk ^zz / ^zi ^zk ^zx/ "^xj ~ '^zk ^z 


m /Vi 

4^ 4^ \ ' 4W 44^ ^ ^ 1 4^ ^ ^ 

/jr/ ^xz / ,^iJzi /jf/ ^xx / f j '^xj ~ "^xl ^x 


Making summations of Eqs.(4c) and (4d) to complete the inner products, 
yields the matrix equations: 


+00 +00 


Z v ~ ~ v ~ 

m=—00 «=—00 /=1 


+00 +00 


2^ 2^ ’^zk^zx^Jj'^xj- 


m=—00 n=s—00 


m n 


7 


+00 +00 


I 

m=—oo rt=—oo /=! 



+00 +00 \ r ^ _ _ 

+ 2^ / ^ - 4 / ^xx/ Pj-^xj ~ / ^ / /xl^- 

m=—oon=—oo j=l m n 


{5b) 


The right-hand sides of Eqs (5a). and (5b) are zero by virtue of Parseval's 
theorem, because the currents 7,/(jc), Jxj{x) and the field components 
Ej{x,d), EJ^x,d) vanish in complementary regions of x. For example, 
when the inner product of E^ on the right-hand side of Eqs.(5a) and 
(5b) is taken, /^^(x) is zero outside the strip, and Ej{x) is zero on the strip. 
Therefore, the final boundary condition is satisfied. Equations (5a) and 
(5b) will be expressed in matrix form as follows: 



= 0 


(5c) 
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m N2 

+ £ 94 ?'^' = 0 

/=I j=l 

Where 


4 !''W= 


+00 +00 

E Z 

m=—oo m=—oo 





•foo +00 

m^—00 m——oo 


+00 ^ 

m=—oor~~r-^- - 


m——oo 


+00 ^ 

' \^o) “ ^ / /rX^rt’ Pm)^xx^xP^n' ^m) 

w=-oo^^oo 


Where i?m)- 







A homogeneous system of equations is thus obtained in terms of the 
unknown coefficients Cj, dt . In order that Cj and 4 have nontrivial sol¬ 
utions, the determinant of the matrix must be zero, and hence the reso¬ 


nant frequency is determined for the resonator. 

Equations (5) are now solved for the angular frequency cOo by seeking 
the root of the resulting characteristic equation. The resonance frequency 
of the SCPL strip line resonator is derived from the obtained value of 
cOg. The accuracy of the solution can be systematically improved by in¬ 
creasing the number of basis functions ( Nl, N2 ) and by solving larger 
size matrix equations. However, if the first few basis function are chosen 
so as to approximate the actual unknown current distribution reasonably 
well, the necessary size of the matrix can be held small for a given ac¬ 
curacy of the solution, resulting in numerical efficiency. Hence the choice 
of basis functions is important from the numerical point of view. 

B. GREEN'S FUNCTION FOR THE MOMENT METHOD 
Equations (la) and (lb) may be expressed in the matrix form [Ref.2]: 



(7) 


where the transformed Green's functions have the values: 
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- {RTH2 + RTH\) 

^xz - ^nP ZED 

- - y])RTH2 + {k^ - yl)RTm] 

~ ZED 

^xx ~ (^n "y^ )RTH\ 2^£J^ 

Z = Z 
^zx ^xz 

2 2 

Z£D = (££//! + ££ X £r//2)( - ) 

Casel y?^0 

tanh(yif/) 

RTHl = y2 tanh(y2A) 
case2 yj <0 
RTHl = — yi tan(yi/i) 

RTH2 = - )’2 tan(v2^) 


(8a) 

m 

(8c) 
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Where i = 1,2 in the indicated layer. The quantities Z„, Z„, Z„ are ac¬ 
tually the Fourier transforms of dyadic Green's function components. 

C. CUT-OFF FREQUENCY IN TWO-DlELECTRlC LAYERED 
RECTANGULAR WAVEGUIDES 

If a rectangular wave guide is partially filled with a solid dielectric 
arranged as indicated in rig.l, this dielectric results in lowering the cut¬ 
off frequency and phase velocities of the modes as compared with that 
of a guide of the same dimensions wholly filled with air. 



Figure 2. Cross sections of the waveguide 


i' 
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These effects have led to several important technical uses of layered- 
dielectric guides. The field in the guide is a linear combination of ele¬ 
mental waves, infinite in number, and termed normal modes. These 
modes are to be found by taking a z (axial) dependence of the form 
expQ'hz) for the six components of E and H and by constructing, through 
separation of variables, a wave which matches all boundary conditions. 
This procedure, as is illustrated below, yields a relation between and 
( 0 ^ termed the characteristic equation of such form that, for a given an¬ 
gular frequency co, can take only a discrete, though infinite, set of 
values (the eigenvalues). To each eigenvalue corresponds a mode. When 
the eigenvalue is negative, h is imaginary, exp(/Az) is a damping factor 
and the mode is not propagated. When is positive, the mode is 
propagated. The transition between these two states occurs at a frequency 
termed the cut-off frequency of the mode, for which is equal to zero. 
The lowest of these modal cut-off frequencies is the fundamental cut-off 
frequency of the guide, below which no energy can be propagated in the 
guide. It follows from Maxwell's equations that the field components of 
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a mode can be expressed as a function of and by the equations 
[Ref. 11]; 

2 

(-2^ )£, = k% =y/i(V£,) (9a) 

c 

((-2^) - =jKVH,) -Jwt(k;7E,) (9b) 

c 

where the subscript c denotes a component in the plane of the cross sec¬ 
tion, /c is a unit-vector directed along the z-axis, and Ef, £,, de¬ 

termine the (x,y) dependent part of a component. Thus, typically 

E^ = E^ix,/) e\p(j{cot + hz)) 

It also follows from Maxwell's equations that in each homogeneous me¬ 
dium, Ej and satisfy Helmholtz's equation. 

wlyA + = A = iE,H,) 

Equations (9) and (10) enable expression of the boundary conditions 

dH, 

on £, and The conditions at a metallic wall are £, = —r— = 0; the 
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conditions at a dielectric interface* in the particular case of Fig.2, are that 
the quantities: 


jh d _ 
1.2 dx 


d „ 


(lOu) 


and, 


^2 dx 42 dy “ *’ 


(lOi) 


be continuous at the interface. These considerations are applied to the 
guide depicted in Fig.2. Separation of variables in Eqs.(9a), (9b) and 
application of boundary conditions at the metallic walls yields 


4/» = sin(m7r ) sin(M/, ^ ^ ) 


(lla) 


^ZS = cos(m7r y) cos(m^ ) 


(11^) 


^zh = cos(m;r - j) cos(m/, - "" t — ) 

® */i 


(lie) 
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= B, 


rr\^( ryttr 


(Ud) 


Where subscript h refers to the dielectric, and s to the air media, and m 
is integer (including zero). Let Ui be an auxiliary variable defined by 


U, = (C-^)-A^-C 


mn 




i = h,s 


( 12 ) 


Applying the boundary conditions at the dielectric interface through 
substituting Eqs.(ll) in Eqs.(9) and (10 ) and setting y = 0 yields: 


Afj sm(Uf^) + Ag sin(C/j) = 0 


cos(l//,) — cos((/y) = 0 


^ hmtc sin(f4) (U^) 

1 -T-— T~ 

^ kh^ ^ k. 


. „ ,, . {Uh) . (oU, sin(C/,) ^ 

+ Bf^ —— Uh sin — + B^ j- Us - 0 

kl k; 


(13a) 

im 


(13r) 
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. U^cosUf, 

Af^ - ; - A 


kh‘ 


L 


co£^ U^osUs hmn cosU^ 


" k} 


L 


kh 


+ B. 


hmn 


cosUr 


= 0 


(13^0 


The determinant of the coefficients of this system of four homogene¬ 
ous linear equations in A^, Aj, B^, must be zero in order that the field 
be nonvanishing. Formulating this condition yields the characteristic 
equation, 


K^UhtgUh , UstgUs „ K,U, U, 




W WgUf, k^tgu. 




(14) 


14 


Wherein K^ — — and K„ = -rr , and defining real auxiliary variables 

s Uj 

K, K by 




(I5a) 
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,, \2 , ,2 2 4 t 1/2 

= —] 


(15Z>) 


The factored characteristic equations for the cut-off frequency as obtained 
from equation (14) are: 


( 


VsthV, 


4 ) - 


tgVh 

k^h 


= 0 


(16) 


V Vu 

( -0 (17) 

Oak,) klktgV^ 

where tg = tan, th = tanh 

In Eq.(14), on determination of the cut-off frequency through impo¬ 
sition of = 0, the second term disappears and Eqs.(lO) can be factored 
into two simpler equations. in Eqs.(16) and (17) cannot be real for 
h = ni = 0. No single hyperbolic mode characterized by m = 0 can be 
propagated. By use of trial frequencies in Eqs.( 16) and (17), we can find 
the cut-off frequency for m = h = 0 . A fortran program for this calcu¬ 
lation is shown in Appendix A. The cut-off frequency for the shielded 
coplanar line ( SCPL ) having dimensions shown in Table 1 was found 
to be 6.8 Ghz. 
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Table 1. CONFIGURATION DATA IN SCPL 


dimension 

data(mm) 

D 

22.86 

4 

2.54 

4 

7.62 


2.2 


Dimensions are shown in Table 1 Symbols refer to Fig.2 as follows 
D : width of shield 
4 : thickness of substrate 
4 : height of air 
ir : dielectric constant 
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111. COMPUTER PROGRAM CONSTRUCTION 


A. CURRENT DISTRIBUTIONS 

In actual computations for the dominant mode, the strip current densities 
7,1 and J^x have been chosen to have physically plausible distributions, as 
shown in Fig.3, for the continuous strip which has width of la and length 
of 2/,. 



J2 (X) 

J2(2) 

■‘N 





+ll 


-c -] 

b 

Jzl (X) 

Jzl(2) 






-ll 

+1 

z 

1 



Figure 3 . Form of assumed current distributions 


20 






Where 2a = A,2b = B,2c= C, 2/, = / ( see Fig. 1). 


The coordinate forms of the current distributions in Fig.3 are: 


•4W=^a + if 1^ 


(18a) 


‘4iW = 


X —b 

2{c 

— x + b 
2(c -b) 


x>0 

x<0 


im 




1 

= -pcos 


2/i 


(18c) 


= 1^1 >Y (18^ 

y,(x) = 4-sin(18c) 



im 


Fourier transforms of these current densities are: 



2 sin(fc„a) 


k„a 


+ 


(^«^) 


(19u) 
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[HWN = cos(M - 2sm + 2(1 - cos(M 7^^] 


4l(^n) = ( )()[^ sm(k„b) - csinik„b)] 


+ ((cos(/:„ 6) - cos(V)] 


(1%) 


IfR . 47rcos/?^/i 

"^r^nv “"2 i 

^ - (2Wl) 


(20.2) 


7 r/? 


(20b) 


~ 271 sin(A„a) 

(^„a) -71 


(20c) 


/r(^«) = 


cos(iS^0 sin(^^/l) 


( 20.0 


And then, forming products of the x- and z- dependent factors, 




(21a) 
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( 216 ) 


B. COMPUTATION PROCEDURE 
1. Change of Transform Variable 
In the present work, the strip line resonator was fully enclosed in 
a metal shield. This permitted the use of a finite Fourier transform rather 
than the integral transform which is typical of the infinite-line calcu¬ 
lations. 

The inner products can then be carried out as truncated summa¬ 
tion, saving much computer time [Ref.9]. 



oo oo 

- z z 


/I——oo m=—oo 


In the products, the lower limits are n = — cx), m = — oo, unless symmetry 
holds, in which case the sum is: 


z 


oo 


z 

m=0 



The wave numbers used for the two summations are: 


23 


9 


X — direction 


K = 


(n-y)" 


(m-Y)7r 

Pm ~ - Jj -» ^ “ direction 

As shown in Tables 2 and 3, a summation over n of 20 terms is enough, 
and for the summation over m, 1000 terms leads to convergence within 
1 MHz error which is negligible in comparison with the resonant fre¬ 
quency. 


Table 2. VARIATION OF NUMBER OF TERMS N 


n 

m 

XGhz 

10 

1000 

3.318 

20* 

1000 

3.3289 

40 

1000 

3.3287 
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Table 3. VARIATION OF NUMBER OF TERMS M 


n 

m 

fo Ghz 

20 

100 

3.23 

20 

500 

3.317 

20 

1000* 

3.328 

20 

1500 

3.3287 


C. CALCULATION OF FRINGING CAPACITANCE 
Two equivalent representations of the electrical effects due to the fringing 
electromagnetic fields at the open ends of the strip transmission line sec¬ 
tion are available: 

(a.) The stored energy in the fringing fields may be given an 
equivalent-circuit representation in the form of a small capacitance, 
AC, which is connected from the physical terminations of the line to 
ground. 

(b.) The effect of the open end discontinuity may also be represented 
by assuming that the length of the open-ended strip is increased by the 
addition of length increment A/ to each end. 

The two foregoing representations are related by the assumption that: 
AC = A/C, where C is the capacitance per unit length of the strip trans¬ 
mission line. Therefore in the present work it is necessary to determine 
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either AC or A/, from the calculated resonance frequency of the strip 
resonator. Two methods are available for finding A/ or AC from reso¬ 
nance data: (1.) The half-wavelength resonator assumption, and (2.) the 
terminated transmission-line model for resonance of the open-ended strip. 

1. HALF-WAVELENGTH RESONATOR ASSUMPTION 


It is assumed that, at its fundamental resonance, the open-ended 
resonator has a length equal to one half wavelength of the propagating 
waves on the strip, apart from the perturbation due to the open ends. 
The wavelength can be found from a knowledge of the propagation con¬ 
stant PicOo), where o)^ is the angular frequency of resonance, i.e., 
27r 1 

4 . Therefore, A/ = ^ “ 2 — ^ where / is the physical length 

of the resonator strip and Xg is the guided wavelength in the strip. In view 
of the TEM model for the transmission line defined by L (henry/m) and 
C (farad/m), we have the relations: 


^0 = Jt 


( 22 ) 



(23) 


V = 




(24) 
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where v is the wave velocity in SCPL, and c is the free- space velocity of 
light. 

By using Eqs.(22) and (23), the capacitance C is defined 


C = 


P 


(25) 


where C is capacitance/ meter of the transmission line, and is its 
characteristic impedance. 

Therefore the fringing capacitance AC is 


1 P 

AC = A/C = ^(^-/)^ 

2 2 Z^o) 




(26) 


2. TERMINATED TRANSMISSION-LINE MODEL 
It is assumed that the impedance seen looking from the center of 
the strip toward the open end has a zero value at the resonance of the 
strip resonator. This impedance can be calculated from the expression 
for the input impedance of a section of transmission line of length 
terminated by impedance (see Fig. 4 ): 

Zc+jZ^idinifi-lr) 

Zi„ = -7-Z, (27) 

Zo-l-yZctan(i5-^) 


27 




Where is the characteristic impedance of the line. 



Figure 4. Terminated transmission line model 


In the present case, 


Zc 


1 

ycu^AC 


(28) 


AC = -Vcot(i?4) (29) 

A plot of Eq (27), as a function of trial values of AC is shown in Fig.5. 
With the value of (o^ at resonance known, a CAD program may be used 
to determine the value of AC which leads to a zero of | ^„ |. 
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IV. RESULT OF COMPUTATION 


A. SCPL WITH VARYING DIELECTRIC CONSTANT 

In Fig.6, ^ , 5 , and C were held fixed, and £, was increased from 
2.2 to 4.0 and 10.0. The effect on AC, £«#. and and resonant frequency 
»X> '''^as investigated. The value of AC is obtained by the two methods 
described above. 



Figure 6. Cross section view of SCPL 
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Table 4. CONFIGURATION DATA IN SCPL 


dimensions 

data(mm) 

A 

5.08 

B 

10.16 

C 

20.32 

W 

22.86 

H 

7.62 

D 

2.54 


Figure 7 shows that the anticipated effect is obtained. An increase of Sr 
causes the fringing capacitance to increase and resonant frequency , 
to decrease. In Fig.8, the increasing £, causes to decrease, and to 
increase. The calculation of by the variational method or the al¬ 
ternate method of moments returns nearly the same value. Again, the 
results are consistent with the expected predictions. 
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B. SCPL WITH VARYING CONDUCTOR SPAONG 


In Fig.6, the values A, D, H, GW remain fixed while the gaps between 
the center and ground conductors are increased (where GW is the 
ground-plane width ). The effects on AC, and Z„ was analyzed. The 
increase of the gaps as shown in Fig.9 illustrates that resonant frequency, 
fo, and AC remain relatively constant, independent of the SCPL gap 
width. Figure 10 shows a slight increase in impedance, Zg, and in 
with increase of gap width. 


Table 5. CONFIGURATION DATA IN SCPL 


dimension 

data(mm) 

D 

2.54 

H 

7.62 

A 

2.54 

GW 

2.54 


2.2 
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Figure 10. Z, and versus GAP/D inSCPL 
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C. SCPL WITH VARYING WIDTH OF THE CENTER 
CONDUCTOR 

In Fig.6, the ground plane widths and values for H, D, W, are 
fixed. Only the width A of the center conductor is varied. This change 
necessarily changes the gap width also. The changing gap caused 
^C,foy and Zo to change as will be discussed. The increasing width 
caused AC to decrease abruptly until A/D = 1. Above this ratio, AC 
increases slowly. Figure 11 illustrates that resonant frequency, 
creases until A/D is equal to 1. Above this ratio X remains relatively 
constant. In Fig. 12, the increased width caused to decrease, and 
remains relatively constant. 


Table 6. CONFIGURATION DATA IN SCPL 


dimensions 

Data(mm) 

W 

22.86 

GW 

5.08 

D 

2.54 

H 

7.62 


2.2 
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Figure 11. AC and;: versus A/D inSCPL 
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F»gure 12. Z. and versus A/D InSCPL 
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D. SCPL WITH VARYING HEIGHT OF DIELECTRIC LAYER. 

In Fig.6, A, B, C, and remain fixed while the dielectric layer height 
is increased from 1.27 to 6.35 mm . The effect on AC, and was 
investigated. Figure 13 shows that increasing D causes resonant fre¬ 
quency, to increase and the fringing capacitance, AC, to decrease 
slightly. Figure 14 shows that the increasing D causes to increase and 
to decrease slightly. 

Table 7. CONFIGURATION DATA IN SCPL 
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V. CONCLUSION 


This thesis follows the methods originated by Itoh for the analysis of 
the shielded micro strip resonator. A fully-shielded enclosure was em¬ 
ployed, allowing the use of a finite Fourier transform in two coordinates. 
This change reduced the computation time significantly, while producing 
accuracy comparable with that obtained using the integral transform 
along the line axis. Also it should be mentioned that the operating fre¬ 
quency in the paper was taken to be below the cut-off frequency of SCPL, 
as verified by the thesis in Chapter II. The perturbed-resonator technique 
permitted the use of the strip current density distributions suggested by 
Itoh, and the ground strip current density distributions appropriate to the 
present work. These are known to give accurate results in Galerkin's 
method. The numerical values of open-end capacitances were obtained 
from two resonator models, and found to be in good agreement. In 
summary, values of the circuit model for the open-end discontinuity in 
shielded coplanar line has been investigated. 
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APPENDIX A 


FORTRAN PROGRAMS 


A. RESONANT FREQUENCY 


c 

c 


c 

c 


r. 

c 

7.Z 


C 


INfEGCn I ,N,M ,CrjMI*AHF,COUNT 


PfcAL 
'^EAL 
HEAL 
REAL 
real 
real 

REAL 

DUUULE 


W|AI |A2|L|0|M|ER|F|niP»LI» L2 
KN,nErA|UM£OA|HL|0 
PIlEOiMUOiC 

JZ?N^ JZKMI • JZIHl • JZKNZ > JZHEI , JZRbZ , JZ RL 31 J Z • J Z 1 f 

JXKMt,JKKN2,JXUEl |JXUE2»JXI•JX2,JX•JZKN3» JZ0L4iJZ* 
CMPILIMIT,0_ OF INEWFILIMF 
PRECISION OCMP 


J7J 


LOGICAL LLOG 


COMPLEX<>n CAMAI |GAMA2 *RrHl fHTH2 

COMPLEXES ZEO 

COMPLEX*? ZZ?*7XXIZX7IZZX 

COMPLEX «A Xli»KI2»X22|J|SKll»SKl2» SK22 tOET 
CHAR*CTEH«S FNAME 
CMARACrER«l2 SNAMF 


0^0.04 

nPHNiItFILEs'CXXXX*I 

PRtNt«» 'ENIER OUTPUT DATA FILE NAME FN 
READ*. FNAME 
OPEN!2|FILe=FNAMC| 

SNAMFsFNAME//'PLT• 


OPEN!3,FILEsSNAMEI 
WRnE(2,«l ' FILF MAML 

WHITFU,*) • FILE NAME 


•(FNAME 
• ( SHAME 




parameter 

Cs.l.FU 

JsCMPLX10.I I. I 
Pts4.«A1 AnI I. ) 

EOSI.E-9/C 36.*PII 
MUOsA,*PI*I.E-7 
LIMITsI.E-2 
COMPARE = I 
COUNTS I 
LLOCs.TRUE. 

CALL UEAOFlAl |A2,LI |L2(WiU|PiOiHiERI 


WRITF(2 
FORMA 11 
» */f 

♦ »/i 

♦ «/| 

♦ f/• 

♦ |/| 

♦ I 

PRINT*( 
REAU* 1*1 
Ns?0 
MR I IE CZ 
WRI TT ( .1 


I?21 Al,A2|Ll(L2,W|n 
I3|'UMIT ; MEIER* 
I3('C0PLAMAR LINE WIDTH 


PfOiH.EB 


AND LENGTH : 


Tli'COPLAMAR LINE LENGTH LI (L2 : * |2 

T3|'RESONATOR WIDTH 

T3('IHSIOF ANO OUTSIDE WIDTH : 

111'heights OF LAVERS I AND 2 : 

txi'pfrmittivitv of substrate ER 
•FNTER THE NUMUFH OF OUTER SUM LOOP 


,r.j 

.*> 


• THE 
'THE 


NUMUFR 

NU’^UFR 


OF 

OF 


oorcR 

OUTER 


SUM LOOP 
SUN LOOP 


',2(FR.T,ZK| 
IF9.7•2XI 
: '(FR.S 
»,2lF9.7,2X1 
•,2lF9.7,?X| 
: •,F9.5» 

N s * 


N =',N 
N * • ,M 
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PR I NT « I •ENTER THE NIIMRER 
REAU«| M 

M=?U, AOf lun, 500| tOOOi 
WRITFI2f<>l THE NUMBER UE 

wHiiri3i«) The number be 


OE INNER i,tlM LnOf» M 

?000« .lunu, 4000 tTC. 
INNER SUM Lunp M = 

INNER SUM LUni> M = 


I 


.M 


L=L1*L? 
RL = 5.<t_ 


PRINT#,'ENTER OUUNDARY FREQUENCY fCNZI' 
HtAU# ,F 
E=F#i.ry 

PRINT#,•FHEQUfeNCY = •,F 

<«RirE(.#,«| •FREQUENCY = • ,F 


nMEGA=?.#PI#F 

KIt SCM3LX(0.,0« ) 

Kt2=CMPLX(0.,0.I 
K22SCMMLX(0.,0.1 
DU 20 |s|iN 

K'lsJ l-.r*)*PI/W 

J7 INsCOSI <N«AI I -2.#SINf KN# At )/|KN#AI|'2.(>(l*-CUS |KN#A| I 1/ 
(KN#At ) #<>2 

J7KN|:4;.«SIN|KN#A1 )/(KN#AI M3* « I N/(K N#A I | ##2 
J7. IN|sCaS<KN#A2l-2.#SINlKN#A2l/lKN#A2l ♦ 

2.4(1 .-C(1S(KN#A2| |/(KN#A2l«#2 
J7KH2s2(<Sl N(KN#A2l/(KN#A2| IN M ( KN#A2 I 44 2 

JZKHJrQ# ( I . / |tl-P|# ( 2./KN|ft (D«SIN|KN#U| -P»S1N| KN^UM 
H . /( 0-Pl#(2./KNl#(COSlKN#B|-CnS(KN#P» I» 

jKKNi=-2.#PI#S|N|KN#AI I /(•> I »#2-1 KN#A I | ««2 I 
J«KN2 = -2.4PI#SIN(<N*A21/(3|##2-(KN#A2 J ##2 » 
b<I IsCMPLX(0.,0. I 
SKI2 = CMPLX(O. ,0. I 
SK22=rMPLX(0.,U.) 

1)1) 4 0 I H= I , M 

l1ETA=(f)EAL( IM|-.5I#PI/RL 


r.AMI r> = KN##;'*nETA«#?-rO#MUO«ER«nHFoA ##2 
CALL UAHCriOAMAI,CAMIS,RTHI ,D| 

r,AM25 = KN##7 HIETA##2-FO#MUO#OMtGA*#2 
CALL GAMCr((.>AMA2,GAM2S,RTH?,H| 

7E0s|NTHI*rR«RTH2l*(GANAt«#2 /RTHI*GAMa2##J/RTH2) 

ZX7 = KN*tll-:TA#( MTH2»R1M|| /TED 

7ZT = ( (KN##?-CAMAl##2l#R1H2»(KH##7-GA*1«2##2»*RIHH/l 
ZXX = | |KN##2-r.ANAI««2l#3 t H2 * I HE T A««2-GAMA 2# #2 MR TH I I 




7£K = ^X^ 

jzntE:^ ssiNdiri a«L2)/(qeta«l2| 
jznen =51 N( ur I A*«^L J/laETA«tnLl 


jzniii =A.<:i*i (njiTA*iL 1 1 > / (n 1 1 2 .onti'A’!'CL 111 

^/OF2= A.*P|4rOS(neTA*CL2ll/|PI«'4=2-C 2.#nETA«CL21 |**7| 
jZ2 = JZKN2#J2*Jt7 
JZI=JZKNIOJZHLI 
JZ4=JZKM3* jrctr A 

JZ=0.S*IJZl*JZ2l*J?4 

jx*jei=cos(nErA«(Li»i/|oeTA4iui I) 

♦ - SINIOtrAAlL 1 ) )/|OETA«t|LI ) X-ta 
.IXne2=COSCneTA«IL2l I/COETA^ CL2 » I 

♦ - SINCTETAtCLZl )/|OETA«i|L2) X=*2 
.1X1 = JXKIII«JxnEt 

JX2sJXKN3#JXnE2 

JX=0.5«(JXl *JXZI 

!>Kf IsSKI I ♦JZ*ZZZ*JZ 
suiasSKiz^Jz^zzx^jx 
SK22SSK2?* JX-SZXX* JX 
CONT INUI- 
Kl IsKI1*S< I I 
KC2=K12*SKI2 


K72sK22m<27 
CONI I N.IL 

print*I' zxx•Izxxi*zzx 'tzzx 

R!ii'ir*,jxi f jx2|jx 
I’RIMT*, JZI I JZ2t JZ3iJZ 
PfJ IMTt I ZZZ , ZZX , ZXX 

MR IN r* , • JX I • , JXl , ' jxa • , JX2, * JXOE* r JXIIF 
PRINT*, ’CMeCK Kll = »,KII 
WUII':C2,*I •CHECK Kll = •,KII 
PRINT*, 'CHECK KI2 = 'iKIZ 
WHIIE(2,*» 'CHECK KI2 = '.KIZ 
PRINT*, 'CHECK K22 = ',K22 
HRl1E(7,<>l 'CHECK K22 = ' ,K27 
OLT=Klt*K22-K|2*Kl2 
PRIHI*, 'Ofir = ',0?! 

WHITr(2,*l 'OETE'IMI NENT = •,OET 


CALL FPSORi (F ,r*iir ,r.uuNr I 
COUNT =r.OONT 1 1 



c 

c 

IF ILLnul TH'^N 

ppiMT*, •MA'ce 5U»r opposiTt signs ociwefn isr c 3no 

PRINl*, ‘IF S*Mr SIGNS THEN fcNTER «» , OP RNTfcP O* 

c 

HFA}«, UK 
IF lUK.t'.I.PI fUiH 
OLHF=F 
GUT IJ I 
I.MDI F 

LLOGs. false. 

FNTIF 

C 

c 

CMn=nCALlUFr) 
ncHPsonuFiCMPi 
LINFs AflS(l--OLOF| 

c 

PRINT •check ElMIT FT»tO '(ElMF 
WRirn?!*) 'CHECK LP'IT FHFU = '.LIMF 
C 

IF ( AUMOC^I’I .GT.LIMI r.AMU. L IMF« OT. I . F* J IMEN 
CALL SLVAL(DCMP|OLPF,F•NEHF,COMPARE J 
OLUF=F 
F=NrwF 
cnin II 
F-NP 1 F 

c 

PRINT=>| ’RFSonanCE FRLGUFNCV = '*F 
WRI |(•-|^|«■l 'TESONANCF FREQUENCE * '»F 
C 

CALL FOSHRT (F ,riET , 1 00 I 

STOP 

FUR 


SUUPUUI I HE REAUFI AI,A2,LIfL7. |lT|B,P|n|H,ER) 

HEAL Al,A2|LI•L?|W,R,P,0,H,EH 
INTEGrR HOOO 

n PRIHI^l'UAIA IN'^Ur : KLYOOROIenter "l"| iFILFIFNILR "0"I' 

READ«,unon 

ifiduou.lq.o.' iR.ooun.ru'Ol then 

RFADIIt*l AlIA2,L1|L2iWfOfPfOfHfER 
ELSF IF I nuPO.ER. I .(iR.unuo.Eu. 11 then 

PHINTAI'ENTER THL ItZ WlUTH IN MM' 

RFAtTVi Al I A2 

PR INI*enter the length of MICRO STRIP LINE IN MM* 
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,LI|L2 

pm Nl * I * EN iru lilt WIIJIII OF PESOMAfO'l* 

HFAn«, -4 

PHIPr*, •FNTEO INSIDEWIOIH AIJO OUTS I DFl* 11) 1H • 

urA04<i o»p 

•t'lTFR lilt HriGlir OF LAYEnS 1 ANO 

KFADO lUill 

PRIMIft,»EMieW tue PFHMiniVlTY EM OF SUOSTNATE LAYEH* 

KFAnft•EP 
ELSE 

pHiurft, •siLtr r "i** on ••o'** 

GO in '1 

END IF 

OHINT 32, Al , A? ,LI ,L7,«,0,I*,0,H,EH 
Will IE ( 7,321 Al , A7 ,L1 ,;.7,W,n,P,0,H,FH 
A2= A2ftl.E-J 
Al= Aiftt.E-J 
LlsLI*I.E-3 
L2 = L7<>I .F-3 
•i s <0 1.•--3 
0 = n«l.E-3 
P = POt.E-l 
0 = 001.E-3 
H s MOI.F-3 
EHst »«l.O 

32 FUPMAH l3,*UNIT:MILlMErtn' 

♦ , TJ, •'•ICIIO STP|P LINE 112 WIOTH 

♦ ,/,T3,'Mir.nn sroip line Yiorii lI|L2 

♦ ,/,T3,'OESONATOP WIOTII 

♦ ,/, 13, ' IN310E AMO riUTSIUF WIUTH 

♦ ,/',TJ,’MEIGHI O'" LAYERS 1,2 

♦ ,/,TJ,'PERMITTIVlTY OF SUOSTRATF ER 
RETURN 
FNO 

COOOOOftOOOftOftOOOftOOOOOftOftOOOOOOOftOO oooooft00000OOOOOOftOftOft0 00ftOft001 

SUnnOUTINE CAMCI lGAHA,r.AMS,Cr ,LkNGTH) 

COMPLEXftll r,AMA,CT 

REAL r.AMS,LENGIM,GAMH,CTR . 

GAHH = SOUTIAOSIGAMSII 
IFIGAMS.LT.O. I TIIFN 

GAMA = CMPLXiO.iGAPRi 

CIR . = -GAMH*rAH|GAMROLENGTHI 

CT = CMPLXlCTR,0.» 

ELSE 

r.AMA = CMPLX(GAMP,n.| 

CTR = GAMIIftlANHICAMKOLENGTHl 
CIS CMPLXlCTM,0.I 

EMOl F 
HETURM 
EMU 


:».ZIFO.7,3X I 
:*,2|FU.3,3X1 

: • ,Fo.s 

! ' ,2 II 0.r>,3X) 
:• ,2IF'>.V>,3Xl 
,f9.3) 


48 





SUimUJTtNH SLVALIrUN,OXV,XV,NEHXV•SNI 
INfCGPH 5'l 

H"AL 3XV,XV|NHWXV|Pn5XV,NFCXV 

OOUUL*? Pure I SI UN FUN 
|F(5N.Eq.l I TMliN 
IFIFUN.GT.O) THEN 
prjuxv s XV 
NFCXV s UXV 
CL5U 

NFGXV a XV 
P'lSXV a UXV 
t'lOl K 

NFWXV = |"U5XV * NLr.XV)/2 
SN a SN 
FLSE 

IFI FUN.(,r.r)) I*ltN 
PISXV a XV 
ELSE 


NtGXV a XV 
FNO I F 

NtWXV a (pnSXV ‘NUGXVI/2 
END IF 

neruiN 

EN? 

SUURUUriNE FOSniU(F«V,SUET|ICOUNTI 
lStEG;P ICOUNTlie 

H=AU FMFQr(lUO)lEQrtnTEMMfMAGDETtTFQY 
COMPLrX#« OETMT(IOOl|SOET,CTEMP,TSDET . 

TFur a Fhy 
Tsosr s sotr 

IF(IFUUMT.FU<1) THEN 
FPEUYdl a TFCJY 
OETMTdl a TSOFT 
FLSEirlICUUNT.NE.tool THFN 
oo 10 i=i|icnuNr-i 

R TFMP a FRFQYI I I 
C TEMP a tJETMT I I ) 

IF I01EMP.GT.TFUYI THEN 
FH = yY( I I a IFqV 
TFQY a RTEMP 
PETMTIII a TGOFT 
TSTET a FTEMO 

r»JTIF 

10 CUNIINUE 

FII=UYdCnUNT» a TFUY 
OETMTIICnUMII a TSOET 
IC a ICUlINT 

FLSEIFdCOUNY,F.l. lOOl THFN 
WRI I:(1|I 101 

no FO’MAI|//,T5 |'frequency •,T 20 ,*MAG 0 F OET »,T35i•OETFRMINENT•| 

DU 20 J =1 IIC 

RA30ET a SORI iRtALlOFTMT ( Jl |*«*A IMAC IOETMTI Jd ♦#2» 

VIU |F| 3|2 10 I FREQYlJ ) ,MAr.UET tOF TMTlJ I 
210 -ORMArlT5,FI 5.2iT20iFIO.3,T3512 IE15.8 I) 

20 CONTINUE 

END IF 
RETURN 
END 
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B. THE FRINGING CAPACITANCE 


OF CALCULATIMG THE CAPACITAMCC 
7CAP,ZOiBETA(L tZIN(F,rM,P| 

AI lI I T t 
T 

FNAME 


* THIS IS TIIF 

REAL 
REAL 
INTtCTR 
CHAHACrER«n 
PI = J.IA 
PHINT«|‘rNTER OUTPUr FtCFNAMF* 
nEAU*,FMAME 
OPEN!2,FILE=rNAMFI 
*<RirFl2»*l ' i-iLF Name =•. fname 

* THE PROGRAM OF FINHING rAN(UErA«Lt 

PUINT*|‘rNrER OETA’ 

REAO«,neTA 

PniNT*i ‘ENrER L IMMM 

REAO^iL 

LsL/1000. 

PRINIi^l 'ENTERRESONANr FREQUENCY FUlCHZP 
MCAO<! »F 
FsFmi .E9 


PHINr#,‘ENrER 20' 

REAO*|20 
TH = TAN(UETA«LI 
PHINT<«| 'rjETA' lOETA 
PRINTS, 'F',F 
PRINT#,'L',L 
PRINT#,'20*,20 
♦ finding the 2in VALUF 
WRITE(2,|10t 

no FORMAT!//, TS, • TH' , T20 , • 2 IN* , T J5, » CAP AC M ANCL ' » 
00 loo T = 10 ,200 
11 s T # I . E- IS 


2 10 
100 


ZCAPsI./<Tl#PI«2#FI 

2IN = (-ZCAP»70#TH|/(20*|2CAP#rilll 

PHlHr>,'CF',T| 

PR IMI», '2 IN',ZIN 

«RITE|Z,2I0) TM, ZIN,TI 

FgR'JATn5,FI5,2, T2 0,FIS.3, r35,2lElS.Bl ) 

FND 
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no n n no no 


I 


C. PROPAGATION CONSTANT 


tNTLSCR MMAXiNMAX 

ntAL 4 f A|U|T ,H,(*1 , tl) |FU|0*'G|E0|KNtGlS2 iBO^BOO lUni A ,FLAG| AA2|CC ,HV 
peal r. I »CTUl|CrOJ|GTl ,GTJ,G2S2,C2»CT02,KEt« KHI |JZI 
REAL n,HUT,BIN 
DIHLNSIUH UlG0J|UUT(30| 

CUMMLbX GHl ,GMJ,Cri t CT 3 • GM2 • CTZ , DFNE • ZE t KF. , OENH • ZX iKII 
COMPLEX IRMNiSUMUPi3Z1I 
C MeAO*|FNAMC 

PI 34.«ATANI 1 . I 
FLAGS0 
MMAXS30 
NMAXs 30 

PRinrtt'ENTfeR FREO.iGHZ.' 
llEAUOi FG 

PMIMT*i'ENTER SHUO. WOTNlMMl W« 

'4EAU«| AA2 

AA2S22.05 

AsAAZ/ZOOO 

PRINT«|'ENTER SHUO. MT.(MM) L' 

•TtAOA ,rc 

CCIst 0.16 
CCsCCI/100!) 

OIs| .e_r,o 
OsDI/l000 

nRIHT#i'ENTER SCPL 1HICKNESGIM"I O* 

READ6Ir 
ris2.SA 
TsT/l000 
llsCC-(T I 

PRINTei'ENTER THE SCPL OIELEC. CONST. ' 

READ*|ER 
ERs A.O 

PRINT*,'FNTER THE LINEW IDTHI MMI 2*M' 

READ*iWK 
WsWR/2000 
nMGsFG«'PI*2E9 
E0=0.8TC-IZ 

nos IOMC/3l:n|«S9RT ( I ER* I |/2l 
•TO* IOHC/ 3C 01 * SORT I EMEFF I 
nO=I0MG/3U0I*SOHTlEHl 
HOOsO.20 . 

OOTAsO.10 
CO tij A 
S nOsdIH 

BOOsP.MS 
OUTAsO.0070 
A DU 2 Hs|,mMAX 
SUMUPsO 

n|M)suo«(uf)0«M«unTA | 
no I ns|,nmax 

KN=IM-0.5I6PI/A 


51 






GIS2 = KN««2*ut H) ««2-OMG«c*2/9Ei 6 
ClsSOnnAUG (GIS2t I 
IFl r. 1 S7«LI .01 ril'iN 
U'«t = CMI*LX(0. tGl » 

CM3=0MI 

Cro»=-I./TAN»GI*H» 
CI03=-l./TAM(Ct«nl 
cr 1=CMMLX| 0. ,CTOIl 
Cl.lsCMPLX (O. |CT03I 
FLse 

G^IstFPLXlGl ,0.1 

orIr I./TAMIK Gl«H) 

GMJrCMl 

0T3= t./rAMII(GI OOI 
CrisCHMUXlGTIiU.) 
tT3=CMnLX(GTJ,0.I 
FN3IF 

r,2G2 = K‘l«i#2*0l Hl«ft2-EPenKG<>«2/9.Cl 6 
C2sS0Hr ( AIIS(G2';2) I 
IF (G2‘;2.Lr.O) THEN 


UM2sCM|>LX( 0. |G 2 l 

cro 2 = -i ./•TANisacr) 

CT2 = CMPLX(0. iCn2l 
FLSE 

GM2:CMPLX(G2lO.I 
GT2= 1 ./rA‘IH(G2*T I 
CT2=CMPLX(6T2,0.I 
END IF 
C 

nnNUscr2*CT3»CTi*cr3<-iGM7/GMt j/En^cTifcra »iGMJ/GM2l6r:H 

7es I C«2FCT .1/F« »CM30C 12 )/0£WE 

KEIa-l./(U<40«L0) 

KEsCMPLXIU. iXC I 1 
?EsKE*Ze 

OEMIIsGMl«Cr I <<GM2«cr2*GM|ftCTI*CM3ftCT3«GM2«cr2«CM3ACTJ*C'<2«F? 
Zl(s |GM2«CT2*CM3*CT3|/OehH 
Kill =nMr.«p|*An-7 
KlIrC’^PLXl O. fKHI ) 

Zl|sZH«KM 

JZI=C05(XNtl#)-2<i3|H|KN*»*J/|KNFW>»2ft| l-CUS(KU*ll) |<'|KU*»»|**2 

JZI s? .»SIN(KN«W)/'(KN««l»3.^||KN«W)*«2)<tJZ I 

JZIl=CMPLX(3ZltU*l 

TP3N=-(0|M|«<:2«ZF*KN««2«ZII}/t Ul H l««i2»KN««2l « JZ 11 4>«? 

SUMUOsTHMN^SUMUP 

1 CONTINJE 
C 

nUT|MIrCAUGI^UMU”) 

2 CnHffHJE 

c 

OU 3 M=2,(MMAX-I) 

IF IlUUI|M|.Lr.ourfH-lI).ANU. inuTI Ml.LT.OUTIn*I I ) I niEM 
UINsUlMI 
EL'SL 
5HPIF 

3 COMTINJE 
C 

IF IFLAG.EP.OI THEN 
FLAGS I. 
on T U 5 
ELSE 

PRINie,'SCPL PETA s 'jBIN 
W7irE(.;i«| 'SCPL BETA s •,niN 
FN31F 
STOP 
END 
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on 


D. CUT - OFF FREQUENCY 


* THIS IS Tur pkmgham calculating for cot off fhfuulncy of SCI’L 

RFAL L|LStLM,0,FM,T»I |M|FG,KS,KM , VH» A ,TGH»C »FT , F4 ,F 5 
COMPLFX VS| THr.,Fl,F2,CTeMPl|CTeMP2 

PRIM T<! ,'VON ULAOLL HiGGINGS CUTOFFS FOU LOADED GUIuF* 
PRINT*I’ENTER UUIFlLE* 

RFA(l*i FL 

0-»EN|UNIT=2,FILF =’rL’) 

PI 3 4«AIAN(I.I 
O = .P22»fi 

L = .niOIA 

M s 0 
CsJFB 

* FRACTIONAL MT.. OF OIELEC. LAYFRt 

LS s S.TT/lOOn. 

* OIFL. LAVER F«: 

ER s tO.O 

PRINI* ,’GUIDE KDTU AND III’»D.L 
PRINT* I'01 CL LAVER HT ANO ERSLM,EH 
LHs-3.39/1000. 

PR INI*,'FREO.(GMZI ',’MAO.IFII •,*MAG.IF2|’ 

WRITEIX,*! 'LS=',LS,’LHa’»LH,*ERs'» ER 

on 99, As I,I 0000 

FGs 3.0«.I*A 

KS s 20 *PI*fg/J 

KH= KSSSQRTIERI 

CTEMPla (KH4t*2-IM*PI/Dl**2*LH I 

vM=rs'inrccTEMPi» 

creMP2= I (N*ni/D»<'*2 - Kr.**2*L5 J 
VSs CSQRTICTEMP?I 

c rr,n= (CEXPl VHi-cEXPl-vHi i/lcnxPivm ♦cexpi -vm) ) 

TCH =SINIVHI/CUSIVMI 
C rc'l SCIGHI 

THS = I CEXPI VSI-CEXPI-VSI »/|CEXPI VSI'CF.XPI-vsl I 
FI = I |VS*THS1/IL3*KS*<'2I »-l IVH*TGH)/ILH*KM*#2H 
F2 = VS/|KS**2*LS* THS) ♦ U VHAER J / I KII«>«i2*LM* TGIIM 
F3=SQRT IER|*I2'*PI«'FG|/C*T AN! SORT |FR >*2*P I«FG/C » 

F4 =5qR M ER I * I 2 ♦!» I *FG I /C*l ANI r*P I ♦FC/C » 

r5aF3»FA 

rsFI*'^2 

S5 FO''M»'rllX,3FI0,al 

PRINT SS, FF,, CAUSIF I ) ,CAns!F7l 
lTRirE(2,«l FG, CAOSIFI I ,rA'IS|F2» 
wniini2,«l •F5=',Fr. 

99 CONTINOF 

END 
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APPENDIX B. IMPEDANCE AND DIELECTRIC CONSTANT BY 


VARIATIONAL METHOD 

A method for computing impedance (ZJ and effective dielectric con¬ 
stant of the shielded coplanar line (SCPL) is based on the application 
of the Fourier transform and variational techniques[Ref.lO]. 

The computation was found to be insensitive to the form assumed for 
the charge distribution on the top ground planes, hence a uniform (neg¬ 
ative) charge distribution was assumed. 

f (X) 



In case of Fig. 15, the assumed elementary charge distribution is: 
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I 






Ul 


-M 

y ^ Ul ^y 

0 

otherwise 


Where p = the width C in Fig.l. 
The Fourier transform of f(x) is : 


m=Q 




(^f ^ 2 

(sin- —f 


+ [ sin(^ y) - sin(^ y)] 

and 

e = -y+A/(B-P) 


(al) 


(^2) 


(«3) 


Using the computation given in Ref. 10, the characteristic impedance is 
found to be, 



(a4) 
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Where C and Q are the variational values of line capacitance with the 
given dielectric and with air dielectric, respectively. 





where v = 3 x 10*m/s,and Co is calculated by setting £^= 1. 
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